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ABSTRACT  
Doctoral Dissertation 
Morphological variation and systematic study of tube-nosed and woolly bats in Vietnam 
Nguyen Truong Son  
 
 Three genera Murina, Harpiocephalus and Harpoila of tube-nosed bats (Murininae) and 
two genera Kerivoula and Phoniscus of woolly bats (Kerivoulinae) are currently recognized. 
The members of these groups are small to medium-sized or slightly large bats of the vesper bats 
(Vespertilionidae) with a distribution throughout Asia, from northeastern Pakistan, eastwards to 
Siberia, Korea and Japan, southwards to northeastern Australia, except for Kerivoulinae, which 
have a wider range to Africa.  
 Recent studies indicated that the species number of Murina rapidly increased with thirty-
five recorded species from Southeast Asia. The subfamily Kerivoulinae is currently contains 
twenty-six species. However, the taxonomic status of both subfamilies remains problematic by 
appear the complex species, particularly the intraspecific variation of possible crytic species, 
Kerivoula hardwikii as well as the generic status of Kerivoula and Phoniscus.  
Recent studies on the species diversity and taxonomy of afore-mentioned groups were 
based on diagnostic characters (e.g., fur color, forearm length, and skull characters) to identify 
the species. Nevertheless, comprehensive skull morphometric analyses based on sufficient 
number of specimens and species have never been carried out for these subfamilies.  
In this study, field surveys were conducted from 2001 to 2014 in forty-three sites of 
twenty-eight provinces of Vietnam and a collection of 424 specimens of tube-nosed and woolly 
bats was examined for morphological characteristics. Based on morphometric variation among 
and within species, I intended to identify and evaluate the interspecific and intraspecific 
variation in skull size and shape. In additional I discussed the taxonomic, relationships of 
distribution, habitat use and the morphological diversification of tube-nosed and woolly bats in 
Vietnam. Principal component analysis (PCA) and Canonical variate analysis (CVA) were used 
for multivariate analysis of craniodental measurements, skull size and shape of all species. 
Moreover, karyological data of seven species were also provided. Principal findings of the study 
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are arranged as follows:    
1) The genus Murina: Morphological diversification were found among sympatric species 
pairs and between sexes of Murina in Vietnam. The diversification of sexual dimorphism in 
genus Murina, which M. harrisoni showed that the differences in skull size and shape might be 
due to the functional limitations and compensation of the skull. Further investigation suggests 
that morphological variability also exists in the nasal capsule or braincase and this is possibly in 
relation to echolocation function, that echolocation may have strongly affected for the 
complicated morphological and species diversity. 
2) The subfamily Kerivoulinae: Phoniscus clearly separated from Kerivoula based on 
measurements of the braincase height, interorbital width, and the shape of anterior part of the 
palatal bones. Statistic analysis also revealed the morphological variation in the skull shape of 
Kerivoula hardwickii in Vietnam. This suggests a possible separation of three morphotypes, 
representing cryptic species supported by statistic differences variation in skull size/shape and 
teeth.  
3) In this study, detail morphology, distribution, and taxonomic note of the subfamily 
Murininae were provided. Vietnam harbors the highest species diversity of Murininae with 
fifteen recorded species. Five of them are common species, found in more than ten localities and 
six species have limited distribution ranges of which four are rare species. Kon Tum Province in 
the Central Highlands of Vietnam has the highest number of bat species with ten recorded 
species. The results also indicated that the forearm length and the skull length are significantly 
different among sympatric species pairs and intraspecific differences between sexes. It is 
assumed that the skull size and shape are affected by food habits and echolocation function, 
while the forearm and external morphology is more related to fly behavior and aerial niche use 
of the Murininae species.  
4) The study first provided the largest karyotype results of seven species in Vietnam, of 
which, five are newly recorded for the bat fauna from Vietnam. Species of Murina and Harpiola 
shared similar karyotypes, while Harpiocephalus differs from both afore-mentioned genera by 
having one more pair of chromosome and it is suggested that to have evolved by the inversion of 
the acrocentric pair in the Murina karyotype during the evolution of the genus Harpiocephalus. 
Except for Harpiocephalus, conservative trends in chromosome re-arrangement in the subfamily 
Murininae were confirmed in this study.  !
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CHAPTER I 
General Introduction 
1. 1. Overview of bat study in Vietnam 
 Biodiversity of Vietnam has drawn special attentions of scientists for several reasons. 
Sterling et al. (2006) indicated that, firstly the country harbors a globally significant diversity of 
species; secondly, scientists have described an unexpectedly large number of new species since 
1992; and thirdly, a high proportion of known species are endemic to the country. Tordoff et al. 
(2012) showed Key Biodiversity Areas provide geographic targets for the expansion of 
protected area coverage, and identify sites for urgent conservation action, which the Indo-Burma 
is the Hotspot areas in the world includes Cambodia, Lao PDR, Myanmar (Burma), Thailand, 
Vietnam, and plus parts of southern China.  
 Regarding the Vietnamese bat fauna, Hong (1980) firstly listed 76 species, and then 
Huynh et al. (1994) provided a checklist of Vietnamese mammals, including 65 bat species. 
Since 1997, bats of Vietnam have received an initial attention from foreign specialists, and the 
numbers of bat species recorded from the country have been remarkably increased. Bates and 
Harrison (1997) and Bate et al. (1997) provided new records of three species of Pipistrellus and 
five species of Myotis from Vietnam. Khoi (2000) listed 88 species. Hendrichsen et al. (2001) 
listed 59 bat species with six species new to the country; Borissenko and Kruskop (2003) listed 
95 species and provided an overview of the bat fauna of Vietnam with noteworthy records of 
new Myotis species from the country. Lunde et al. (2003a) recorded some of globally rare 
species of the family. Recent surveys of Vietnamese and foreign scientists reported a high level 
of species diversity of bats from Vietnam as Bates et al. (1997), Trai et al. (1999), Dang et al. 
(2000), Khoi (2000), Son et al. (2000), Tordoff et al. (2000), Trai et al. (2000), Son (2001), 
Hendrichsen et al. (2001), Thong et al. (2001), Lunde et al. (2003b), Son et al. (2003), Thong et 
al. (2003), Son et al. (2004), Son and Thong (2004), Thong and Viet (2004), Thong et al. 
(2004), Tien et al. (2004), Son (2005), Son and Thong (2005), Thong et al. (2005), Furey and 
Tu (2006), Abramov et al. (2006), Thong et al. (2006), Abramov et al. (2007), Bates et al. 
(2007), Csorba et al. (2007), Lunde et al. (2007), Khoi et al. (2007), Son and Csorba (2007); 
Son and Nghia (2007), Thong et al. (2007), Borissenko et al., (2008), Kruskop et al. (2008), 
Thong and Furey (2008), Thong et al. (2008), Abramov et al. (2009), Furey et al. (2009); Son et 
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al. (2009a, b, c), Thong et al. (2009), Furey et al. (2010), Son et al. (2010), Thong et al. (2010), 
Csorba et al. (2011), Minh et al. (2011); Phuong and Son (2011), Son and Thong (2011), Son et 
al. (2011), Thong (2011), Thong et al. (2011), Abramov et al. (2012), Dang et al. (2012), Thong 
et al. (2012a, b), Son et al. (2013), Csorba et al. (2014); Görföl et al. (2014), Thanh et al. 
(2014), Thong et al. (2014a, b, c), Son et al. (2015a, b), Tu et al. (2015a, b), Thanh et al. (2015) 
Son et al. (2016). As a result of these surveys numerous new species have been discovered from 
Vietnam, and the list of bats has regularly updated from Vietnam by Thong et al. (2004) (117 
species), Kuznetsov (2006) (102 species), Can et al. (2008) (112 species), Dang and Canh 
(2009) (112 species). Kruskop (2013) provided and updated list of bats from Vietnam consisting 
of 117 species, however, the results remained incompletely studied and taxonomic assignment 
many taxa is still unclear, and lack specimen for analyses, for example: Pteropus vampyrus, P. 
hypomelanus, Macroglossus minimus, Hipposideros ater, H. lylei, H. pratti, Rhinolophus 
lepidus, Rhinolophus subbadius, Rh. siamensis, Rh. yunnanensis, Murina leucogaster, Myotis 
chinensis, M. nipalensis, Pipistrellus ceylonicus, Nyctatus noctula, Eptesicus serotinus, ect.  It 
can be concluded that the taxonomy status of bats in Vietnam still remains problems, and be 
messily confused by recent publications. 
1. 2. Overview of tube-nosed (Murininae) and woolly bats (Kerivoulinae) from Vietnam: 
 Osgood (1932) listed two species M. cyclotis and M. tubinaris from Vietnam, which M. 
tubinaris was synonymized with M. huttoni by Ellerman and Morrison-Scott (1951), but 
considered as a distinct species by Hill (1964). Bourret (1942) listed Harpiocephalus harpia 
from central part of Vietnam. Ever since, Van Peenen et al. (1969) listed seven species of tube-
nosed and woolly bats from Vietnam: Harpiocephalus harpia, three species of Murina species 
(M. cyclotis, M. huttoni, and M. tubinaris), and three species of Kerivoula (K. hardwickii, K. 
papillosa, and K. picta). Huynh et al. (1994) also reported same species based on the list of Van 
Peenen et al. (1969). Hendrichsen et al. (2001) recorded M. leucogaster for the first time from 
the central Vietnam, and listed two species of Harpiocephalus (H. harpia and H. mordax), and 
two species of Kerivoula (K. hardwickii and K. flora) from the country. Thong et al. (2006) 
reported new country recorded of K. kachinensis and genus Phoniscus as well as P. jagorri from 
Vietnam. Kruskop et al. (2006) new recorded the genus Harpiola for Vietnam with species H. 
isodon. Bates et al. (2007) described a new species K. titania from Cambodia and first recorded 
for Vietnam. Csorba et al. (2007) described another new species, Murina tiensa from Vietnam. 
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Two other new species, M. harpioloides was described by Kruskop and Eger (2008) from 
Central Highlands, and M. eleryi was described by Furey et al. (2009) from the northern of 
Vietnam. Csorba et al. (2011) described three new species (M. cineracea, M. beelzebub and M. 
walstoni) from Vietnam and Cambodia. These authors also indicated that M. tubinaris does not 
occur in Vietnam and previous records of M. tubinaris from country should be treated as M. 
cineracea (Csorba et al. 2011). However, Francis and Eger (2012) subsequently considered that 
M. cineracea was a junior synonym of M. feae and M. tiensa as a junior of M. harrisoni. These 
authors also described two new species, M. annamitica and M. fionae from Lao and first 
recorded for Vietnam. Most, recently, Kruskop (2013) recorded an additional species of Murina 
from Northwest of Vietnam, viz. M. chrysochaetes.  
1. 3. Natural features of Vietnam 
Topography (Figs. 1. 1) 
 The total area of Vietnam is approximately 331.212 km2 with the mountains and hill 
covering fourth-fifth of the country territory. It extends from the upper Red River drainage near 
the Tropic of Cancer at 23023’N southwards 8030’N at Ca Mau Point with a linear distance of 
about 1,600 km. The inland border of Vietnam with China, Laos, and Cambodia extends for 
4,639 km, while the coastline along the Gulf of Tonkin, East Sea, and Gulf of Thailand is about 
3,440 km in length with Paracel and Sparatly islands (Rundel, 1999; Sterling et al. 2006).  
  The North of Vietnam has a relatively large area of uplands extending above 2,000 m, 
and a number of peaks reaching 2,500−3,000 m elevation, includes the Northeast, Northwest 
Region and the Red River Delta. The Northeast Region stretches from the Red River Valley to 
the Gulf of Tonkin with mountainous area scattered between 300−1600 m elevation, and Tay 
Con Linh, the highest mountain of elevations of 2,531 m at the peak. The Northwest Region is 
comprised of mountains that run from the north of the Sino-Vietnamese border to the west of 
Thanh Hoa Province, Fansipan Mountain, which measures elevations of 3,143 m at the peak and 
Ta Giang Phin is only slightly lower at 3,096m elevation. Southwest of this massif lies an area 
of complex folded parent material termed the Song Da and Dien Bien Phu synclinoria and the 
Song Ma anticlinorium. To the south of the Song Da (Black) River, the Ta P'ing, Son La and 
Moc Hau plateaus which reach to as much as 1,800 m elevation are separated by deep valleys. 
The highest peaks to the south of the Song Da River are Sam Sao (1,896 m) and Pha Luong 
(1,884 m). The southern part of the country is well known for the lowland of Mekong Delta, 
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approximately 40,000 km2 with an average elevation of under elevations of 10 m (Rundel, 1999; 
Averyanov et al., 2003; Tordoff et al., 2004; Sterling et al., 2006).  
 The Truong Son Range (or Annamite Range) in Central Vietnam is the main uplands in 
Indochina, and spreading over Laos, Vietnam, and Cambodia, from northwest to Southeast and 
the highest peak in the central Annamites of Vietnam is Phu Lai Lang which reaches elevation 
of 2,711 m near the Lao border (Rundel, 1999; Bain and Hurley, 2011). The Truong Son 
Mountains is continued by Kon Tum Massif, with elevations over 500 m elevation, with the 
highest peak at Ngoc Linh Mount (2,598 m), and joins the lower uplift of Pleiku Plateau, at 
about elevation of 800−1400 m, in Gia Lai Province (Rundel, 1999; Averyanov et al., 2003; 
Tordoff et al., 2004; Sterling et al., 2006).  
River Basins (Fig. 1. 1) 
Two broad river basins and deltas form distinct geomorphic regions of Vietnam. The Red 
River rises in the mountains of Yunnan Province in China, and flows southeast for more than 
1,127 km, finally emptying into the Gulf of Tonkin through a broad delta area. The chief 
tributaries of the Red River are the Song Da (Black) and Song Chay (Clear) rivers. The 
southwestern region of Vietnam below Ho Chi Minh City is formed by the extensive triangle of 
the Mekong delta. This low-lying terrain is largely composed of Quaternary sediments deposited 
by the river, which here branches into a series of channels to form its broad delta. Although 
major tributaries join the Mekong within Vietnam, extensive areas of the eastern slopes of the 
southern Annamite region of Vietnam drain westward into Cambodia where they eventually join 
the Mekong. This separation of drainage basins has had a significant historical association with 
the levels of human impact in the southern Annamite Region (Rundel, 1999; Sterling et al., 
2006; Bain and Hurley, 2011).  
Climates 
 Rundel (1999) and Averyanov et al. (2003) stated that the climate of Vietnam can be 
divided into seven types: (1) Monsoon tropical climate with cold winter and summer rains; (2) 
Monsoon tropical climate with cold winter and summer-autumn rains; (3) Monsoon tropical 
climate with warm winter-autumn-winter rains; (4) Monsoon tropical climate with warm winter 
and autumn-winter rains; (5) Monsoon tropical climate with warm winter and summer rains; (6) 
Monsoon subequatorial climate with summer rains; and (7) Monsoon tropical climate associated 
with mountains.  
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Vegetation types 
 Averyanov et al. (2003) indicated the vegetation of Vietnam is belonging to the 
Indochinese Floristic Region, comprising six zones: Sikang-Yunnan, South Chinese, North 
Indochinese, Central Annamese, South Annamese, and South Indochinese.  
Zoogeographic background (Figs. 1. 1 and 1. 2) 
Tordoff et al. (2004), Sterling et al. (2006), Can et al. (2008), Sang et al. (2009) showed 
eight geographic divisions in Vietnam: the Northwest Region, the Northeast Region, the Red 
River Delta, the North Central Region, the South Central Region, the Central Highlands, the 
Southeast Region, and the Mekong Delta (Fig. 1. 2).  
Based on geographic distribution of primates in Vietnam, Fooden (1996) allocated 22 
species or well-defined subspecies to nine zoogeographic groups and proposed two major 
patterns of the distribution as follow: (1) four of the six non-macaque groups are essentially 
restricted to the eastern part of the Indochinese Peninsula, east of the Mekong River; and (2) 
species and subspecies in seven of the nine groups reach their northern or southern limits of 
distribution in central Vietnam, at 14–170N. The first pattern suggests that the Mekong River has 
been an important barrier to westward dispersal of non macaque primates in continental 
Southeast Asia. The second pattern suggests that a zoogeographic barrier formerly extended east 
and west across Vietnam at ca. 14–170N (Fig. 1. 1 and 1. 2). 
1. 4. Outlines of the dissertation 
Specific objectives:  
 This study focuses on the skull variations in tube-nosed bats of the genus Murina and in 
the woolly bats of the subfamily Kerivoulinae from Vietnam. Taxonomy of the subfamily 
Murininae in Vietnam is also reviewed. Many species in genus Murina and Kerivoula have 
restricted geographical distribution and some are currently known only from a single or very few 
specimens deposited in the museum collections (Hendrichsen et al., 2001; Kruskop and Eger, 
2008; Eger and Lim, 2011; Csorba et al., 2011; Kruskop, 2013). Based on the newly collected 
material from Vietnam, I have investigated intraspecific and interspecific variations in the skull 
size and shape of Murina and Kerivoulinae species using multivariate analysis. Specific 
objectives of this study are: 1) to identify the differences in skull size and shape of tube-nosed 
bats of the genus Murina (Chapter II) and a comprehensive review of the subfamily Murininae 
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in Vietnam and karyological results was conducted in this study (Chapter IV). 2) to identify the 
differences in skull size and shape of woolly bats of the genus Phoniscus and Kerivoula and 
confirm the variation in skull size and shape of  Kerivoula hardwickii populations (Chapter III).  
 Bat specimens were collected from 43 sites of national park (NP) and nature reserve 
(NR) of 28 provinces of Vietnam (Fig. 1. 3). The field surveys were conducted from 2001 to 
2014 with special focus on the poorly explored areas (Appendix 1. 1): Lao Cao province (Hoang 
Lien mountain) [1], Ha Giang province (Tay Con Linh mountain) [2], Cao Bang province (Phia 
Oac-Phia Den NR) [5], Lang Son (Huu Lien NR) [8], the border with Laos: Son La province (Ta 
Sua NR, Co Ma area, Xuan Nha NR) [13, 14, 15], Phu Tho (Xuan Son NP with Ten mountain) 
[12], Thanh Hoa province (Pu Hu NR, Pu Luong NR, Ben En NP, Xuan Lien NR) [16, 17, 20, 
19], Nghe An province (Pu Huong NR, Pu Mat NP) [21, 22], Ha Tinh province (Vu Quang NP) 
[23], Quang Binh province [Phong Nha-Ke Bang NP) [24], Quang Tri province (Bac Huong 
Hoa NR) [25], Thua Thien-Hue province (Bach Ma NP) [26], Quang Nam province (Ngoc Linh 
NR) [27, 28], Kon Tum province (Ngoc Linh NR and Chu Mom Ray NP) [29, 31], the border 
between Vietnam and Cambodia: Kon Tum province (Ngoc Linh NR and Chu Mom Ray NP) 
[29, 31], Gia Lai province (Kon Ka Kinh NP) [32], Dak Lak province (Yok Don NP and Chu 
Yang Sin NP) [34, 35], and Binh Phuoc province [Bu Gia Map NP) [41]. I also conducted field 
survey in two offshore islands of Vietnam: Bai Tu Long in Quang Ninh province [9] and Phu 
Quoc island in Kien Giang province [43]. Collections of 252 specimens of tube-nosed bats and 
172 specimens of woolly bats have been examined for this study, most of which I examined 
morphologically.  
Outlines of the results:  
 First, in Chapter II, I reveal the result of multivariate analysis of the skull size and shape 
in tube-nosed bats of the genus Murina in Vietnam. Next, in Chapter III, I present the first 
results of morphological analysis of the skull size and shape of woolly bats of the subfamily 
Kerivoulinae from Vietnam. In Chapter IV, I address first karyological analyses was conducted 
and a review of the subfamily Murininae in Vietnam. Finally, I general discussion and 
conclusion the findings on tube-nosed, woolly bats from Vietnam and discuss on remaining 
problems clarified and further studies (Chapter V). !
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Fig. 1. 1. The border, topography, and river basins of Vietnam (in Sterling et al., 2006). 
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Fig. 1. 2. The geographic divisions in Vietnam (follow Tordoff et al., 2004; Sterling et al., 
2006, Can et al., 2008, and Sang et al., 2009). 
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Figure 1. 3. The study sites in Vietnam. !
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CHAPTER II 
Multivariate analysis of the skull size and shape in tube-nosed bats of the genus Murina 
(Chiroptera: Vespertilionidae) from Vietnam 
 
Because the contents of this chapter have been already published in academic journal, these 
cannot be opened through the internet by the relationships between the authors and the society 
publishing the journal. The article was published in pages 79–94, volume 40 of Mammal Study 
(2015). 
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CHAPTER III 
A morphological analysis of the skull size and shape of Kerivoulinae (Chiroptera: 
Vespertilionidae) from Vietnam 
 
Because the contents of this chapter will be published in academic journal, these cannot be 
opened through the internet by the relationships between the authors and the society publishing 
the journal.  !
  Chapter IV 
 
 69 
CHAPTER IV 
Morphological biodiversity and taxonomic study of tube-nosed bats of subfamily 
Murininae in Vietnam  
 
Because the contents of this chapter will be published in academic journal, these cannot be 
opened through the internet by the relationships between the authors and the society publishing 
the journal. 
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CHAPTER V 
General Discussion and Conclusions  
 
Because a part of the contents of this chapter have been already published in academic journal, 
these cannot be opened through the internet by the relationships between the authors and the 
society publishing the journal. The article was published in pages 79–94, volume 40 of Mammal 
Study (2015). And because the contents of this chapter will be partially published in the other 
academic journals, these cannot be opened through the internet by the relationships between the 
authors and the societies publishing the journals. 
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